Purpose: The purpose of this study is to determine what factors, in addition to a positive first trimester aneuploidy screen, correlate with a pregnant patient's decision to undergo invasive prenatal testing. Methods: We conducted a retrospective cohort study of singleton pregnancies referred to the Johns Hopkins Prenatal Diagnosis and Treatment Center between 2001 and 2009 with an indication of positive first trimester screen. We compared demographic factors and numerical first trimester screen results with invasive testing uptake. Risk difference calculations and linear modeling were used for analysis. Results: A total of 171 eligible patients were identified. Maternal age, race, residual risk, marital status, and year of first trimester screen correlated significantly with invasive testing uptake. Family history was predictive of invasive testing uptake for patients younger than 35 years only. Type of elevated risk (trisomy 21 vs. 18 and 13), assisted reproductive technology status, parity, and increase from age-related risk were not predictive. A general linear model for relative risk with Gaussian error showed significant interaction between the variables of age and family history, so the two traits were analyzed separately (P ϭ 0.009). Conclusions: Among patients with positive first trimester screen results, several demographic traits are predictive of invasive testing uptake. This information can help providers to identify patients at increased risk of declining invasive testing and can help providers anticipate educational needs. Further investigation should be conducted to elucidate the causes of these differences, which may relate to misinformation about the testing options and differences in values systems. Genet Med 2011:13(6):539 -544.
P
roviding pregnant patients with an accurate, low-risk assessment of fetal chromosome abnormalities has long been a goal in prenatal diagnostics. Chorionic villus sampling (CVS), performed at 11-13 weeks, and amniocentesis, performed at 16 -22 weeks, use karyotyping to detect fetal aneuploidy with a sensitivity of Ͼ99%. 1 These invasive tests are considered diagnostic. The risk of miscarriage after each test is Ͻ1% but can be a source of anxiety for patients. 2 Several noninvasive screening tests are available to assess patients' probability of fetal aneuploidy before exposing them to the risks of diagnostic testing. The second trimester maternal serum screen, developed in the late 1980s, is useful for patients considering amniocentesis and has dramatically reduced the uptake of invasive testing (IT) over time. 3 The more recent introduction of the first trimester screen (FTS) in the early 2000s assesses patients' risk during the 11th-13th week of pregnancy and is, therefore, useful for patients considering CVS or amniocentesis. It provides a probability that a fetus has one of the three most common trisomies, 21, 18, or 13, with a sensitivity of Ͼ95%. 4 The purpose of the FTS is to help patients make informed decisions regarding IT. When the screen was first introduced, it was thought that all patients with positive screen results would pursue CVS or amniocentesis. Nicolaides et al 5 states that "in prenatal screening for trisomy 21, the term screen positive rate is used interchangeably with the invasive testing rate, because most women with a positive screening test undergo an invasive test…" This statement reflects what was a commonly held opinion during the early days of FTS. Since that time, however, this idea has been challenged. Studies show IT uptake rates of 33-90% after positive FTS, indicating that factors other than positive FTS results play into the decision of IT uptake. 2 Prior research suggests that decision making about IT is not systematic and that patients are often poorly informed. 6 -8 Marteau et al., 9 for instance, have developed a tool called the "Multidimensional Measure of Informed Choice" that consists of an eight-item scale of knowledge and a four-item scale of attitudes toward prenatal screening. This scale has been used to assess informed decision making regarding prenatal aneuploidy screening in nations as diverse as the United Kingdom, the Netherlands, Greece, and Australia. Each study revealed considerable knowledge deficits, with informed decision-making rates varying from 5 to 71% across the different groups. 6, 10, 11 Other studies have sought to identify particular patient characteristics associated with higher rates of IT uptake. Most of these studies concern the second trimester screen, which is older and more widely available than the FTS. Characteristics associated with lower IT uptake include lower abnormal residual risk and low socioeconomic status. [12] [13] [14] Data are mixed regarding IT uptake in older mothers and couples who required assisted reproduction. [12] [13] [14] [15] [16] [17] [18] [19] This variety may reflect different study methodologies or populations. The studies cited were conducted in Turkey, Lebanon, Canada, the United Kingdom, the United States, and Greece, representing a broad range of health care systems and cultural milieus.
Several studies have shown that the rate of IT uptake has continued to drop after the introduction of the FTS. 13, 20 This trend may reflect many different factors, including increasingly effective use of the prenatal screening or changing perceptions of IT. Given the growing popularity and availability of this screening option, it is important to further study its role in IT uptake.
In this study, we sought to determine what demographic and historical factors, in addition to a positive first trimester aneuploidy screen, correlate with a pregnant patient's decision to undergo IT. We suspected that older mothers would be more likely to select IT, given clinical experience and that the increase in the risk of fetal aneuploidy with increasing maternal age is widely known. Elucidation of these factors may reveal disparities in IT uptake and help clinicians to better anticipate patients' educational needs.
MATERIALS AND METHODS

Subjects
Demographic and historical data were collected from the records of singleton pregnancies referred to the Informed consent was not obtained due to the retrospective nature of the study. During the data collection period, patients' medical record numbers were retained for reference purposes. Data were deidentified once collection was complete. The research protocol was reviewed and approved by The Johns Hopkins University Institutional Review Board (NA_00029546).
Experimental design
This study was a retrospective cohort study. Data concerning age at date of visit, race, marital status, parity, use of assisted reproductive technology (ART), family history, and IT uptake were collected from the subjects' medical records. A positive family history was defined as a self-reported history of aneuploidy in a first-or second-degree relative. Date of screen, a priori risk of fetal aneuploidy, and residual risk were collected from the FTS report from NTD labs. When comparing groups with low-elevated residual risk and high-elevated residual risk, we selected 1/50 as a cutoff because prior data indicated that IT uptake is considerably diminished with risk Ͻ1/50. 21 Race was self-reported, and, because of the small sample size of other races in our study population, only white, black/African American, and Asian were used as categories for analysis. We thought it was important to include race as a variable in this study to identify any racial disparities in IT uptake.
First trimester screening
FTS is performed between 11 and 13 weeks. The screen as performed at the JHPDC uses patient age, serum markers, and ultrasound markers to calculate a probability that a fetus has Down syndrome and a separate probability that it has trisomy 13 or 18. Serum analysis and risk calculation are performed by NTD labs according to their Ultra-Screen protocol. 22 They report a detection rate of 95% at a false-positive rate of 2% for Down syndrome and a detection rate of 95% at a 0.3% falsepositive rate for trisomies 18 and 13. 5, 23, 24 The calculation of a priori risk takes into account a number of factors, including maternal age and gestational age. 25 The serum markers used to calculate residual risk are pregnancy-associated plasma protein A and ␤-human chorionic gonadotrophin. The ultrasound markers used are nuchal translucency measurement and nasal bone assessment. Patients with a residual risk Ն 1/300 are considered screen positive.
Both CVS and amniocentesis are available through Johns Hopkins Hospital, and use of either was considered "invasive testing uptake." Patients are counseled that the procedure-related loss rates are approximately 1/175 for CVS and 1/300 for amniocentesis.
Data analysis
Risk difference (RD) calculations and linear modeling were used for analysis. P values Ͻ 0.05 were considered significant.
RESULTS
Participant characteristics
Within our patient population, the average age was 36, with 68% of patients aged 35 years or older (Table 1) . Seventy-two percent of the patients were white, 15% black, 12% Asian, and 1% Hispanic. Thirteen percent had a family history of aneuploidy, whereas 87% did not. Sixty-three percent had living children, whereas 37% were childless. Data regarding marital status were available for 39% (66) of the subjects. Of these patients, 77% were married and 23% were not. Seven percent had conceived using ART, including intracytoplasmic sperm injection, in vitro fertilization, egg donation, and sperm donation.
All study participants had a positive FTS result. Fifty-four percent had a residual risk of aneuploidy Ն1/50, and 46% had a risk of Ͻ1/50. Eighty-seven percent of subjects had a residual risk that increased from their a priori risk and 13% had a residual risk that decreased. Seventy percent of patients had elevated risk of trisomy 21 only, 13% had elevated risk of trisomies 18 and 13 only, and 18% had elevated risk for both.
Traits that correlate with IT uptake
Of our cohort of patients with positive FTS, 82% chose to pursue IT. Several characteristics were determined to have a strong correlation with IT uptake (Table 2 and Fig. 1 ). Marital status had the strongest correlation, with 87% uptake among married patients and 53% among unmarried patients (RD ϭ 34%, P ϭ 0.024).
A general linear model for relative risk with Gaussian error showed significant interaction between the variables of age and family history, so the two traits were analyzed separately (P ϭ 0.009). Among patients with no family history of aneuploidy, 86% of patients of advanced maternal age (Ն35 years) chose IT compared with only 69% of younger patients (RD ϭ 17%, 0.012). A maternal age of 35 years was selected as the cutoff for the designation of "advanced maternal age" as this age was historically used as an "age screen" cutoff for offering IT. 2 Among patients younger than 35 years, positive family history correlated strongly with IT uptake: 100% of patients with a family history of aneuploidy chose IT compared with only 69% of patients with a negative family history (RD ϭ 31%, 0.050).
The residual risk number had a positive correlation with IT uptake, as well. When stratifying patients by residual risk, those groups with somewhat elevated risk of Ͼ1/100 and 1/51-1/100 had IT uptake of 75% (11/35) and 76% (11/34), respectively. Groups with higher residual risks of 1/26 -1/50 and Ն1/25 had IT uptake of 84% (27/32) and 91% (43/47), respectively. These data indicate that IT uptake increases when risk is Ն1/50 and further support the use of 1/50 as a cutoff for analysis of low-elevated risk versus high-elevated risk. Patients with a residual risk of Ն1/50 had 89% uptake, and patients with a postscreen risk of Ͻ1/50 had 76% uptake (RD ϭ 13%, P ϭ 0.046). Correlation between IT uptake and race was also strong: whites had 90% uptake, whereas nonwhites had 67% uptake (RD ϭ 23%, P ϭ 0.002). Among nonwhites, Asian patients had 71% uptake, whereas black patients had 60% uptake. This difference was not statistically significant (P ϭ 0.105). Hispanics were not analyzed as a separate group, as only two Hispanic patients were included in our study population.
Also note that IT uptake decreased significantly from the first year of the study (100% in 2001) to the last (56% in 2009) ( Table 3 and Fig. 2) . Linear regression yields a slope of Ϫ5% with an R 2 value of 0.84, indicating a strong negative correlation between time and IT uptake.
Traits that do not correlate with IT uptake
Traits that showed no correlation with IT uptake include type of elevated risk, ART use, number of living children, and direction of change from a priori risk (Table 4 and Fig. 1 ). For risk type, uptake of IT in patients with an elevated risk for trisomy 21 and in patients with an elevated risk for trisomies 18 and 13 was compared. The two groups had IT uptake of 83% and 85%, respectively (RD ϭ 2%, P ϭ 0.41.) As for ART use, 83% of patients who had conceived using ART chose IT com- Fig. 1 . Comparison of the risk differences for the characteristics studied in relationship to invasive testing uptake. Solid bars represent a correlation with invasive testing uptake, and patterned bars represent no significant correlation. AMA, advanced maternal age; and ART, assisted reproductive technology.
pared with 82% who did not use ART (RD ϭ 1%, P ϭ 0.67).
Patients who had no living children had 77% uptake, whereas patients with one or more children had 85% uptake (RD ϭ 8%, P ϭ 0.16). Finally, IT uptake was the same (82%) for patients whose residual risk was greater than their a priori risk and for patients whose residual risk was the same or less than their a priori risk (RD ϭ 0%, P ϭ 1).
DISCUSSION
This study identified several demographic and historical factors that correlate with the uptake of IT after a positive first trimester aneuploidy screen. Patients with advanced maternal age, white race, married status, positive family history, increased residual risk, and early year of screen were more likely to elect IT. Traits that do not correlate with IT uptake include the type of elevated risk, ART use, number of living children, and direction of change from a priori risk. The decision to undergo IT is complex and unique to each patient. The trends identified in this study invite speculation about common themes in this process and suggest areas of improvement on the part of health care personnel.
Maternal age was of particular interest for this study. Given that 35 years was formerly used as the cutoff in an "age screen" for IT and the widespread knowledge that older mothers have elevated risk for fetal chromosome abnormalities, we predicted that patients older than 35 years would have significantly higher uptake of IT. After adjusting for significant interaction with family history, our data indeed showed that mothers of advanced maternal age are more likely to opt for IT. The factor, or factors, driving this phenomenon remains unclear. Patients may have a poor understanding of the concept of residual risk and, thus, default to their knowledge that older women are at increased risk. Alternatively, older women may have different value systems that result in their being likely to opt for IT. These patients may be more comfortable with IT if they recall the days before screening was widely available and IT was even more common.
Among patients younger than 35 years, we found a significant association between family history and IT. In fact, all patients younger than 35 years with a family history of fetal aneuploidy elected to undergo IT. These patients may have pursued prenatal diagnosis more aggressively than their peers, believing themselves to be at a higher a priori risk. Alternatively, perhaps their decisions are influenced by personal experience with individuals with chromosome abnormalities.
The change in IT uptake over time is also notable. The first three study years (2001) (2002) (2003) were found to have 100% IT uptake among patients with positive FTS results. Uptake decreased at a rate of 5% per year until the last study year, 2009, when IT uptake was only 56%. Although the first and last years of the study period have fewer patients than the middle years (nine total in 2001-2003 and nine in 2009), the pattern is still impressive. It suggests a changing role of the FTS. Perhaps, patients are using the screen for reassurance despite being unwilling to pursue IT, or perhaps, there is a growing willingness to raise and care for children with disabilities.
The fact that patients with a risk Ն1/50 as determined by the FTS had significantly higher IT uptake than patients with a risk Ͻ1/50 is important. It indicates that patients take their numerical risk rather than just their "elevated" risk status into consideration when making decisions about IT. Race also emerged as a strong predictor of IT uptake. The reasons for this finding are unclear and may relate to differing values or cultural norms.
Overall, marital status was the strongest predictor of IT uptake. This finding was unanticipated and could be explained by a variety of different factors, including the stability of the parental relationship and the desire or willingness to have more children in the future. Furthermore, in our population, race and/or marital status may be markers for socioeconomic status.
As for traits that did not correlate with higher IT uptake, we were particularly interested in the effect of the type of elevated risk (trisomy 21 or trisomies 18 and 13) on IT uptake because of the different prognoses of the trisomies. Compared with trisomy 18 or 13, Down syndrome is less lethal at a young age and also is more present in the public awareness. Patients with trisomy 13 have a high rate of early embryonic death (98 -99%). Those who are live born rarely (5%) survive the first 6 months of life and, if they do, suffer from severe intellectual disability, seizures, and failure to thrive. 26 Among patients born with trisomy 18, only 5-10% survive the first year of life, and those who do have similar severe intellectual and physical impairment. 27 Patients born with trisomy 21, on the other hand, may have an IQ of up to 70 and have a life expectancy of 49 years. 28, 29 We hypothesized that patients may be more willing to consider pregnancy termination and, therefore, would be more likely to pursue IT if they were told they had a high risk for trisomies 18 and 13 compared with trisomy 21. Our data suggest, however, that the type of elevated risk does not impact patients' decisions about IT in a significant way.
ART use was also of interest, as prior studies have mixed results regarding IT uptake after ART use and second trimester screening. Our analysis showed no correlation between ART use and IT uptake. It should be noted, however, that only 12 of our 172 study participants used ART.
IT among patients whose residual risk was greater than their a priori risk was the same as uptake in patients whose residual risk was less than or equal to their a priori risk. The import of this finding is unclear, particularly because some providers may be more explicit in their comparison of residual risk to a priori risk than others.
Although all patients received similar counseling through the JHPDC before IT, there may be substantial variation in the amount and quality of counseling received before the FTS. A 1995 study revealed that many providers present prenatal aneuploidy screening as routine care rather than one requiring a decision on the part of the patient. 30 Furthermore, 1994 survey found that 25% of primary obstetricians regularly offered the screen as part of routine prenatal care without any explanation of its primary purpose. 31 Although these studies were both conducted in the United Kingdom with the second trimester screen, similar practices are likely at play in our population today. Some patients referred to the JHPDC may have been receiving information about the risks and benefits of IT for the first time. It is possible that some patients with a positive FTS who declined IT would never even have considered IT and, therefore, may have been poor FTS candidates in the first place.
Future directions and conclusions
This study reveals patterns of IT uptake in patients with a positive FTS. The reasons for these patterns are as yet unclear and implicate numerous avenues for further study. For example, additional demographic information could be collected. We hypothesize that socioeconomic status may be a confounder in the relationship between maternal age, marital status, and/or race and IT uptake. Data on household income, educational level, and insurance status could help clarify these relationships. Additionally, patients' understanding of the FTS before and after counseling could be gauged using the Multidimensional Measure of Informed Choice, described earlier in the text. This assessment has revealed striking deficiencies in knowledge in all the populations for which data have been published and, notably, has not yet been studied in the United States. These results could be compared with demographic factors to determine whether any of the characteristics we identified as predictive for IT uptake are associated with poor information about the test.
This study identifies groups at high risk of declining IT after a positive first trimester screen, including patients who are unmarried, young, and nonwhite. These patients may benefit from additional counseling both before administration of the FTS and after receipt of the results to ensure that they are making informed decisions.
